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In 1983, two VLG-ll aaaars vara delivered to tha U.S. Naval Obaarvatory by the 
Salthaonian Aatrophyalcal Obaarvatory. Laat year the ahort-term atablllty of 
thasa aaaara was reported and tha affect of thla ahort-t era atablllty on 
timekeeping performance vaa diacuaaad by G. M.R. Winkler . W Since the date of 
Installation, 13 September 1983, data on the masers' long-term performance have 
been accumulated. Figure 1 from reference [1] shows the Allan variance, <r(rl , 
of the relative frequency between tha aaaars. This variance reaches a minimum 
of about 4 parts In 1C 1 * at averaging times of 5x10* seconds and rises at longer 
averaging times due, at least partly, to systematic frequency drift. 

In this paper we dlscusa tha systematic frequency drifts, expressed u ; ~ 

z at 

and given In units of fractional frequency difference par day. 

Figure 2 is a plot of ^ ^ units of 10‘ lk per day versus calendar day 
starting in September of 1983 and continuing through October of 1984. Table 1 
le a chronology of activity Involving SAO VLG-ll masers P1B and P19. 
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TABLE 1 

CHRONOLOGY OF VLO-11 MASER ACTIVITY AT U.S.N.O. 


13 Sept . 1963 Powar to Baser * turnad off at SAO. 

Masers ahlppad to tha U.S.N.O. by truck. 

14 Sapt. 1963 Maaars arrlva at U.S.N.O. Powar turnad on 

-- both aaaara oscillating. P19 degaussed. 

33 Sapt. 1963 Af/f (P16-UTC USNO) - -1.13x10” 

Af/f (P19-UTC USNO) - 0.93x10” 

Af/f (P16-P19) - -3x10” 

(This i with synthesizer aat at 143040S751 .68700, 
which waa our boat estimate for UTC at SAO 
via Loran "C" . Our probable error in UTC 
la ±5x10”.) 

Concluaion: Shlpaant did not altar tha cavity 

frequency algniflcantly . 


36 Sapt. 1963 Both P16 and P19 ware tunad. 

After tuning Af/f (P19-P18) * 0.11x10 ” 

Maaer cavity frequency ahift waa found to hava 
bean aa followa: 


Af.(P18) - *40.1 Hz., Af c (P19) ■ *34.68 Hz. 

37 Oct. 1983 Af/f (P19-P1S) ■ 3.03 x 10 ” 

After tuning P19 Af/f (P19-P1S) - 3.08x10 ” 
Af.(P19) - *34.55 Hz. 

30 Jan. 1964 Af/f (P19-P18) - 3.9x10 ” 

After tuning P1B and P19 Af/f (P19-P18) « 0.6x10'” 
Af c (P18) - *38.9 Hz, Af c (P19) - *59.3 Hz. 


37 Feb. 1984 Powar off PIS for aeveral houra for inatallatlon 
of U.S.N.O. Master Clock Syatea. 


34 Mar. 1964 Power off P19 for aavaral hours for installation 
of U.S.N.O. Maaer Clock Systea 


10 May 1964 P19 automatically tuned using U.S.N.O. Syetea. 

Af c (?19) - *46.4 Hz. 

16 May 1964 - Af/f (P19-P1S) ■ -0.6x10'” 

After tuning P16 Af/f (P19-P16) - *3.4x10 ” 

Af e (PIS) - *35.4 Hz. 


Froa tha drift rata plot shown in Fig. 3, wo see that tuning tha aaaara had 
no apparent effect on tha drift rata. Froa tha chronology we see that tha 
cavity raaonator frequency of both PIS and P19 required syataaatlc frequency 
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corractiona to lower frequenciea . The cavity frequency ahlfta obtained from tha 
tuning data ara ahown In Fig. 3. Froa thaea data and our knowladga of tha llna 
Qa of tha aaaara wa can pradlct an avaraga drift rata of tha aaaar output 
fraquancy. For P19 wa hava 7x10'“ par day and for P18 wa hava 4x10“ par cay, 
batwaan Saptaabar 1903 and A, ..1 1964. Thla la In raaaonably good agraaaant 
with drift data In Fabruary 1984, whan P19 drlfta +9x10'“ par day and P19 
drlfta 4x10'“ par day. Tha alatunlng rata of tha cavity, If aacrlbod to a 
changa In axial langth of tha cylindrical cavity, raquiraa a change of langth 
for P18, “ -1.9x10'* ca/day and for P19, “ -3.8x10'* ca/day. 

To ra lata thla acala of diaanaiona to aoaathing vary aaall, wa nota that a 
hydrogan atoa haa a diaaatar of about 10'* ca. Froa tha drift bahavior and 
cavity fraquancy aaaauraaanta wa nota tha following: 

1. Tha fraquancy changa of tha cavity la tha doainant affact 
on tha aaaara' fraquancy 

2. Tha aarly drift rata appaara aora aavara than tha latar drift 

and tha ovarall drift rata aaasa to bo aayaptotically approaching zero. 

Tha proportiaa of ultra atabla aatariala and tha bahavior of optically 
contacted aurfacaa in oxtroaaly atabla aatariala hava been doacrlbed by S.F. 
JacobaC^] froa obaarvationa Bade uaing an iodine atablliced laaor to aaaaura 
length changaa . 

Figure 4, reproduced froa reference 2, ahowa tha aattling of optically 
contacted aurfacaa in vary high atabllity aatariala. Tha cavity cylinder and 
and plataa of the SAO VLO-ll-aerlea aaaara are aado of Cer-Vit C101*. After 
being ground to ahapa they ara atraaa relieved by being etched in the aurfaco 
alcrocrackat 3 ) created in tha grinding procaaa. Tha aatlng aurfacaa ara then 
optically poliahad and tha cavltiea aeaeabled under clean condltlona ao th-t 
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whit* light fringe* *r* observed over th* circuaference of th* joint* b*tw**n 
the cylinder end the endplates. 

Th* cavitie* were •■■cabled in May of 1983. and it i* likely that the 
■ettling of th* end plates waa atill in progreaa during late 1983, and early 
1984. Th* aettling behavior we obeerve with th* poliahed aurfacea of thea* 
cavitiea ia at a auch aaaller rat* than the previously observed aettling 
behavior of cavity jolnta that were aed* with eurface* ground to a roughly 16 
aicro-inch finish. The aettling rate was about 1 r.a.a. surface roughness 
distance in the first 40 days. Th* present surfaces are at least 10 tiaea 
aaoother and flatter, end the aaount of initial aiatuning after asaeably haa 
been substantially reduced. 

The long-tera dlaenalonal behavior of structures aade of extreaely high 

1 At 

stability aaterlel can be described in teras of j — , the "creep rate”. 
Meesureaents of creep were aade by 8.F. Jacobs in teras of optical path 
changes detected using a stabilized laser. His data give | ~~ 5x10 • 10 per day 

for Cer-Vit* (Cer-Vit C101 - Owens Illinois). Other aaterlala, such as Zerodur* 
(Heraeus- Schott) , Ultra Low Expansion Tltanlua Silicate* (Corning) , Hoaosil* 
fused silica (Heraeua-Schott) , and Corning* 7940 fused silica have creep rates 
between +5xl0 10 and -5x10*° per day. 

If we ascribe the eeaer frequency drift of the later sonths shown in Fig. 2 
to cavity aiatuning froa aaterial creep we obtain a rate of about -IxlO' 10 per 
day for Cer-Vit. 

This agrees in aegnitud* with Jacobs' aeasureaent on stable aaterials. It 
is opposite in sign for his creep rat* for Cer-Vit, but agrees with his data for 
th* other aaterials, which all have negative creep rates. This difference in 
sign for Cer-Vit aay result froa variations froa aaaple to seaple or froa our 
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700°C cavity silvaring procaaa. 

Iha parforaanca of thaaa Baser* lndlcataa that tha long-term stability of 
today's aasars la chiafly govarnad by propartiaa of tha cavity materials. 
Elactronlc ayataas that atabllixa tha cavity raaonanca frequency bayond thaaa 
lavala oust bo capab’a of aaintaining tha aaaar fraquancy to batter than a fav 
parts In 10 15 par day for long parioda of tlaa. 
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QUESTIONS AND ANSWERS 


JACQUES VANIER , NATIONAL RESEARCH COUNCIL: What was the line Q 
that you observed in the VLG-11? 

HR. MATTISON: The line Q that we used to get was on the order of 
1.1 to 1.3 times ten to the ninth. More recently we have been 
getting values on the order of 1.8 to 1.9 times ten to the ninth. 

MR. VANIER: I believe that there is a large gain to be made 
there. Simply a redesign of the bulb and of the collimator, so 
that you can increase that by a factor of three or four. Then the 
drift that you were talking about before, due to the creeping of 
the cavity, would be diminished dramatically. That would be 
fantastic . 

MR. MATTISON: You are referring to changing the design of the 
coll imator? 

MR. VANIER: Yes. Because you can make it for a very long time 
constant, and it will still work very beautifully, so that you 
would be limited by the wall then. 

MR. MATTISON: I does get limited by the wall. That increase in 
line Q that you observed has been due to our method of applying 
the teflon. We haven't changed the design at all. 

MR. McCOUBREY: My impression is that with the advances you are 
making, there is going to be more and more interest in the actual 
structure and morphology of those surfaces. Maybe some of the 
polymer scientists would have to play a role in this, because I 
would expect that whatever happens with this teflon, and how it 
rearranges itself is something that they have looked into, and 
probably understand fairly well these days. 

MR. MATTISON: Our method of applying teflon has changed. It is 
essentially a black art. All we know is that there is a recipe, 
and we apply it according to the recipe, and it works. If we do 
it a different way, it may work better. 

MR. McCOUBREY: It sounds like there are some really interesting 
possibilities. 
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